We investigated whitefly species and their biotypes, PCR-positive individuals of Tomato yellow leaf curl virus (TYLCV), and leaf curl symptoms by collecting whitefly adults and observing the leaves of various crops in winter greenhouses in Shizuoka Pref., Japan. From January to February 2006, 48 collection sites and 5 kinds of crops were investigated. Leaf curl symptom was observed in 23 out of 36 tomato greenhouses. The whitefly in tomato greenhouses were collected from 23 Bemisia tabaci (Gennadius) (Hemiptera: Aleyrodidae) B biotype populations and 12 Trialeurodes vaporariorum (Hemiptera: Aleyrodidae) populations. The B. tabaci Q biotype was detected in only 2 separate poinsettia greenhouses. From strawberry and melon greenhouses, only Trialeurodes sp. and B. tabaci B biotype, respectively, were collected. TYLCV was detected in 13 out of 30 B. tabaci B biotype populations and in 6 out of 6 T. vaporariorum populations collected from tomato, poinsettia, and melon greenhouses, irrespective of the presence of leaf curl symptom. TYLCV was not detected in any B. tabaci Q biotype individuals.
INTRODUCTION
Whitefly species are serious pest insects in agricultural ecosystems. In Japan, the greenhouse whitefly Trialeurodes vaporariorum (Westwood) (Hemiptera: Aleyrodidae) invaded Japanese habitats in the 1970s (Nakamura et al., 1975) , and T. packardi (Morrill) was found on strawberry in 1974. The silverleaf whitefly Bemisia tabaci B biotype (Gennadius; Hemiptera: Aleyrodidae), also known as B. argentifolii Bellows and Perring, invaded in 1989 (Matsui, 1995; Hayashi, 2000) . In 2004, the B. tabaci Q biotype invaded and caused serious damage to vegetables (Ueda and Brown, 2006) . With the exception of the B. tabaci Q biotype, all these whitefly species invaded Shizuoka Pref.; however, recently, there have been no reports on the collection of T. packardi from Shizuoka Pref. T. vaporariorum and B. tabaci are plant virus vectors of Beet pseudo-yellows virus and Tomato yellow leaf curl virus (TYLCV), respectively (Cohen and Harpaz, 1964; Hayashi, 2000) , and B. tabaci is considered a species complex that includes 20 biotypes (Perring, 2001) ; these biotypes and species have some host crops in common (Denno et al., 1995; Hayashi, 2000) .
Begomovirus (family, Geminiviridae) includes many important virus species that cause serious damage to crops worldwide (Czosnek and Laterrot, 1997) . Among this class of viruses, TYLCV affects tomato Lycopersicon esculentum Mill. cultures in many regions (Czosnek and Laterrot, 1997) . TYLCV was first identified in 1996 in Shizuoka, Nagasaki, and Aichi Prefs., in Japan. Since then, tomato yellow leaf curl disease (TYLCD) has been widely distributed in Japan.
TYLCV detection in Bemisia tabaci (Gennadius) (Hemiptera: Aleyrodidae) B and Q biotypes, and leaf curl symptom of tomato and other crops in winter greenhouses in Shizuoka Pref., Japan Moreover, the leaf curl symptom induced by TYLCV has also been reported in other plants, such as prairie gentian Eustoma grandiflorum (Raf.) Shinn. and Nicotiana benthamiana L. (Cohen et al., 1995; Ueda et al., 2004) . Because B. tabaci, including B and Q biotypes, is a vector of this threatening virus, strict attention is needed to prevent the invasion and proliferation of these biotypes in the greenhouse.
In many year-round cultures (for example tomato, melon Cucumis melo L., and other ornamentals in Shizuoka Pref.) and forcing cultures (for example, tomato and strawberry Fragariaϫ ananassa Duch. in Shizuoka Pref.), crops are cultured by warming greenhouses in winter in the Tokai area of Japan, including Shizuoka Pref. T. vaporariorum can overwinter in fields but B. tabaci B biotype cannot, even in the western region of Japan (Hayashi, 2000) . The cultivation conditions in warmed greenhouses, optimum range of temperature for development, and host plant preference may affect the occurrence of whitefly species. We collected whitefly species from various greenhouse crops, including tomato, melon, strawberry, prairie gentian and poinsettia Euphorbia pulcherrima Willd. ex Klotzsch in winter and observed the leaf curl symptom status. We identified whitefly species and their biotypes and additionally detected TYLCV from whitefly adults.
MATERIALS AND METHODS
Insects and leaf curl symptom. From January to February 2006, adult whiteflies were collected on three kinds of fruit vegetables (tomato, melon, and strawberry) and two kinds of ornamental plants (prairie gentian and poinsettia) from greenhouses at 48 collecting sites (Table 1 ) located in Mishima City, Nagaizumi Town, Fuji City, Fujinomiya City, Shizuoka City, Omaezaki City, Kikugawa City, Kakegawa City, Iwata City and Hamamatsu City in Shizuoka Pref. The collected individuals were directly immersed in 100% ethanol. The occurrence of leaf curl symptom was observed and determined based on the yellowing of leaves from the margin of the leaf inward, and the smaller, curled appearance of new leaves in each greenhouse.
Identification of whitefly species. After collecting adult whiteflies, we distinguished T. vaporariorum from B. tabaci by morphological characters (Hayashi, 2000) . In some greenhouses, B. tabaci and T. vaporariorum coexisted (collection numbers 3, 9, 19, 24, 27, 32, and 52). We did not distinguish between T. packardi and T. vaporariorum collected from strawberry greenhouses and treated these individuals as Trialeurodes sp. It is difficult to distinguish B. tabaci B and Q biotypes based on their morphological characters, so we used the PCR-RFLP method to distinguish these biotypes using the mitochondrial COI region (Ueda, 2006) .
DNA was extracted from a single adult specimen crushed using a plastic rod in 20 mL of Tris-EDTA buffer (5 N NaCl, 500 nM EDTA [pH 8.0], 1 M TrisHCl [pH 8.0]). The mixture was incubated with 1.3 mL proteinase K (20 mg/mL) for at least 1.5 h at 56°C. The homogenates were boiled for 3 min to inactivate proteinase K and used as PCR templates. PCR was performed in a 20-mL reaction volume (0.6 U of AmpliTaq polymerase [Applied Biosystems, CA], 0.2 mL 20 nM dNTP mix, 400 nM forward and reverse primers, 2 mL 10ϫPCR buffer, 2 mL 25 nM MgCl 2 , 0.1 mL DNA template, and sterile water to adjust to the final volume) in a thermal cycler (Applied Biosystems PCR System 2700; Applied Biosystems) with the following program: initial denaturation at 92°C for 1 min, 35 cycles of amplification at 92°C for 1 min, annealing 52°C for 1 min, extension at 72°C for 1.5 min and final extension at 72°C for 2 min. Commonly used primers were employed to amplify the DNA segment. Treatment with restriction enzymes and electrophoresis was as described by Ueda (2006) . Three samples (one sample is collection no. 40 and the other 2 samples are collection no. 52) could not be amplified or cut off an appropriate region by PCR-RFLP. We therefore omitted these samples from the data.
Detection of TYLCV. TYV and TYC primers were used to detect TYLCV at an annealing temperature of 55°C . We primarily attempted to detect TYLCV from B. tabaci B biotype individuals in tomato greenhouses (Table 2) . T. vaporariorum does not transmit TYLCV but we also attempted to detect TYLCV from T. vaporariorum individuals for a more precise estimate of infected crops. The B. tabaci B biotype populations collected from greenhouses in which leaf curl symptom was not observed ( for TYLCV-positive individuals. In greenhouses wherein leaf curl symptom was observed and more than 10 B. tabaci B biotype adults were collected, we estimated the percentage of TYLCV-positive individuals (Table 2 : collection numbers 4, 21, 24, 27, 34, and 52). We also examined the status of TYLCV-positive individuals among whiteflies collected from poinsettia and melon greenhouses.
RESULTS AND DISCUSSION

Whitefly species
The whitefly species composition in the winter greenhouses differed depending on the host plants ( (Hayashi, 2000; Masui and Ikeda, 2000) . In Shizuoka Pref., 596 K. SUGIYAMA et al. to maintain suitable temperatures, melon greenhouses are kept warmer than strawberry greenhouses by heating in winter. This temperature in melon greenhouses is close to the optimal range of temperature for B. tabaci B biotype population growth (Wang and Tsai, 1996) . Although control pressure or habitat may affect whitefly species composition, temperature is probably a major factor that biased whitefly species composition toward the B. tabaci B biotype in these melon greenhouses. We detected the B. tabaci Q biotype only in poinsettia greenhouses (Table 1 ). The B. tabaci Q biotype is spreading at a phenomenal rate in Japan, and a specific invasion route of this biotype in vegetables and ornamental crops has been speculated (Ueda and Brown, 2006) . In the winter of 2006, we investigated several populations of whiteflies in Shizuoka Pref. and found B. tabaci Q biotype individuals only in two distant poinsettia greenhouses (Nagaizumi Town and Fujinomiya City). Thus, B. tabaci Q biotype individuals might have invaded these poinsettia greenhouses via poinsettia seedlings.
Leaf curl symptom and TYLCV
The leaf curl symptom was observed only in tomato greenhouses, and TYLCV was detected in whitefly individuals collected from tomato, poinsettia, and melon greenhouses ( Table 2) . Detection of TYLCV in whiteflies thriving on poinsettia and melon has not been reported yet in Japan, and one of the most probable reasons is the invasion of TYLCV-positive individuals from tomato greenhouses. A melon greenhouse (collection number 47) is close to tomato greenhouses; however, there are no tomato greenhouses close to a poinsettia greenhouse (collection number 12). TYLCV-positive individuals are likely to have invaded the melon greenhouse from neighboring tomato greenhouses, but the invasion route of the poinsettia greenhouse is not clear from this research.
In many tomato greenhouses, TYLCV was detected in whiteflies. In collection number 4 (Table  2) , although the leaf curl symptom was not detected, TYLCV-positive B. tabaci B biotype individuals were detected. In Japan, the B. tabaci B biotype cannot overwinter outside greenhouses (Hayashi, 2000) . Possible reasons are invasion by TYLCV-positive whiteflies from other tomato greenhouses or the absence of leaf curl symptom in these winter greenhouses by cold temperatures. In the first case, there are many tomato greenhouses close to collection number 4. In the latter case, Uchikawa and Ogawa (2005) reported that cold temperatures delayed the occurrence of TYLCD; when the average temperature was 10.6°C, the appearance of leaf curl symptom was delayed by approximately 75 days and progressed slowly. The leaf curl symptom of tomato plants occasionally became unclear by cold temperature; whiteflies possibly obtained TYLCV from symptomless tomato plants.
The percentage of TYLCV-positive whitefly individuals in tomato greenhouses was investigated (Table 2 : collection numbers 4, 21, 24, 27, 34, and 52). The result showed that all individuals in 4 of 6 greenhouses were TYLCV-positive; further, more than 50% of individuals from the other 2 greenhouses were TYLCV-positive. Iida (2005) reported the ratio of TYLCV-positive insects from spring to autumn in Aichi Pref. (located close to Shizuoka Pref.) and showed a high ratio in spring but not in autumn (usually tomato cultivation starts in late summer and ends in the following spring or the beginning of summer). We did not research the ratio of TYLCV-positive individuals in summer and autumn but Iida's result may be applicable to Shizuoka Pref. for the following reason. Whiteflies mostly use infectious tomato plants in tomato greenhouses in winter and may increase the ratio of TYLCV-positive individuals; however, during spring, summer, and autumn, whiteflies also use nonvector plants in the field as a host.
Protection from whiteflies in the winter tomato greenhouse
Finally, we discuss the system of protection from whiteflies in the winter tomato greenhouse. In winter, the reproductive rate of whiteflies decreases and the leaf curl symptom is delayed, because of the cold temperature. When harvesting tomatoes in spring or later, infected tomato plants can easily be detected compared to in winter and whiteflies may increase with the warming temperature. For those reasons, removing infected tomato plants and TYLCV-positive whiteflies are both important. Once the tomato plant is infected with TYLCV by whiteflies, even though the incubation period is delayed, symptoms will certainly appear. When har-vest ends at the beginning of spring, TYLCV does not affect crop yields so much because of the delayed symptom appearance, and protection against whiteflies tends to be neglected; however, in order to protect against secondary damage by the dispersion of TYLCV-positive whiteflies into the environment, strict management of whiteflies in winter is needed, included the removal of infected tomato plants, weeds, and residuals.
